Using a polyclonal antibody (P23) generated against the human platelet integrin AIIbβ3 and a FITCconjugate secondary antibody, fluorescence is observed at the surface of protoplasts isolated from Arabidopsis thaliana and Rubus fruticosus. Arabidopsis thaliana cells grown in suspension culture containing P23 and glycylarginylglycylaspartylserine (GRGDS), a synthetic peptide containing the RGD sequence found in many extracellular matrix adhesive proteins demonstrated aberrant cell wall/plasma membrane interactions and organization. When glycoproteins from these plants, purified on a concanavalin A Sepharose 4B, were subjected to SDS/PAGE and Western blotting, under reduced and non-reduced conditions, immunoblots probed with P23 revealed bands in both species. A shift in electrophoretic mobility is observed to different apparent molecular mass when no reducing agent is present. When purified by immunoaffinity chromatography on anti-AIIbβ3 Sepharose or Sepharose linked to the synthetic peptide D-Arg-Gly-Asp-Trp, the major antigenic components detected migrate at 30 kDa and 60 kDa in the first experiment and 60 kDa in the second one. Only the 60-kDa component is immunodetected with antibodies specific for either the β3 platelet chain or the AIIb polypeptide, suggesting the presence of two polypeptides co-migrating. To address more precisely the structure of this complex in plants, competition assays were performed. A significant inhibition is observed with CS3 a monoclonal antibody that interacts with the complexed form AIIbβ3 but not the dissociated subunits. Further structural similarities with the animal AIIbβ3 complex is demonstrated with Western blotting detection after plant glycoproteins immunoprecipitation with CS3 in absence or presence of 5 mM EDTA to dissociate the complex. We also present data on the characterization of a polyclonal antibody, named AcAt2, raised against Arabidopsis glycocoproteins purified by affinity chromatography on a D-RGDW column and eluted with the same peptide, that specifically interacts with the animal AIIbβ3 receptor.
The recognition of integrins as a widely expressed family of grins via the short amino acid sequence Arg-Gly-Asp (RGD).
This specific recognition between cell and ECM has been implicell surface adhesion receptors in animals is around 10 years old (Hynes, 1987) . At that time, one could identify about ten distinct cated in cell migration (Armant et al., 1986; Boucaut et al., 1984) , transmembrane signalling events (Clark and Brugge, vertebrate integrins ; there are now 21 known (Schwartz, 1992) . Integrins are a family of heterodimeric transmembrane proteins 1995; Ruoslahti and Pierschbacher, 1987) , differentiation (Leptin et al., 1989) , response to hormones and growth factors formed by the non-covalent association of one polypeptide of 15 structurally related A subunits with one polypeptide of 8 (Ignotz and Massagué, 1987) . In addition, integrins have been implicated in the attachment of certain bacteria and viruses to structurally related β subunits (Hynes, 1992) . Although these subunits could in theory associate to give 120 integrin hetero-host cells (Isberg, 1991; Wickham et al., 1993) .
In plants, this 'exocellular matrix' (Wyatt and Carpita, 1993 ) dimers, the actual diversity seems to be much more restricted since many A subunits can associate with only a single β subunit. is called the cell wall and has many roles in addition to that of support (Roberts, 1990) . If progress has been made in underNevertheless a further level of complexity is introduced by the existence of alternative splicing.
standing the complexity of ECM chemistry (Carpita and Gibeaut, 1993; Levy and Staehelin, 1992; Roberts, 1989 Roberts, , 1990 ) The integrins function as cell surface receptors for proteins of the extracellular matrix (ECM), or for proteins on the surface and cell wall extension (Cosgrove, 1993) , we have a poor comprehension of its dynamic nature and the connection between it of other cells. Plasma membrane-ECM contacts are mediated by substrate adhesion molecules such as fibronectin, vitronectin, and the plasma membrane (Knox, 1992; Roberts, 1994; Varner and Lin, 1989) . As in animals, the plant ECM may interact with collagen, laminin, which bind to integrins that interact in turn with the cytoskeleton. The ECM molecules often bind to inte-extrinsic and intrinsic proteins of the plasma membrane, and these in turn may interact directly or indirectly with the cytoskel-only recently that plant cell biologists are beginning to investi-CS3 an anti-(AIIbβ3 complex) antibody, which does not react with the dissociated complex (Gulino et al., 1995) and B2A an gate how the cell surface acquires cell-specific and tissue-specific character, how the wall changes across its width, how the (anti-β3 subunit), specific for its non-reduced form . matrix mediates cell interactions, and how the cell can organize different regions of its ECM in both a temporal and spatial sense A polyclonal antibody, named AcAt2, was raised against affinity purified A. thaliana glycoproteins. Glycoproteins were ap- (Lord and Sanders, 1992; Roberts, 1994) . These are the same concerns that animal cell biologists have had for years, and the plied to a Sepharose affinity column to which the tetrapeptide D-RGDW was coupled at a concentration of 10 mg/ml and emerging similarities between plant and animal cell surface are more and more surprising.
eluted with 6 mM D-RGDW as previously described (Gulino et al., 1995) . Antiserum against the native purified proteins was Both immunological and functional data indicate that plants may use some of the same molecules to mediate plasma mem-produced in a rabbit according to standard procedures (Elevage Scientifique des Dombes). IgG molecules were purified using brane-cell wall adhesion. A vitronectin-like protein has been detected in several species of plants: tomato, soybean, broad bean, caprylic acid (Harlow and Lane, 1988) .
Human platelet extracts were provided by Dr Christiane Maand lily (Sanders et al., 1991; Wang et al., 1994) ; tobacco tissue culture cells (Zhu et al., 1993) and carrot suspension culture rie (UMR CNRS-UJF 5538, IAB, Grenoble) and purified AIIbβ3 complex purchased from Hemeris (Grenoble). cells (Wagner and Matthysse, 1992) ; the slime mold Physarum polycephalum (Miyazaki et al., 1992) and the brown alga Fucus (Quatrano et al., 1991; Wagner et al., 1992) . Antibodies to human fibronectin stain the walls of salt adapted tobacco RGDW) and D-Arg-Gly-Gly-Trp (D-RGGW) were kindly prepared by Dr Arlaud (IBS, Grenoble). cells, which are more adhesive than unadapted cells (Zhu et al., 1993) .
Immunofluorescence localization. A. thaliana and Rubus protoplasts generated by enzymatic digestion of the cell wall Evidence for the presence of integrin-like proteins relies on the use of exogenous RGD-containing peptides that induce aber-were probed using a 1:100 dilution of rabbit polyclonal antibodies P23 in protoplast buffer (Gamborg's medium containing rant cell wall-plasma membrane interactions and enhanced growth rate of soybean suspension culture (Schindler et al., sucrose 0.06 M and mannitol 0.56 M) or, as a control, rabbit non-immune serum. All samples were then washed with proto-1989), inhibit gravisensing in Characean algae (Wayne et al., 1992) and block the clumping normally seen in protoplasts of plast buffer and incubated with a goat anti-(rabbit IgG)-fluorescein conjugate and viewed with a Nikon Microphot-FXA microsalt-adapted tobacco cells (Zhu et al., 1993) , or on immunoblot cross-reactivity with antisera to β3 (Schindler et al., 1989) and scope (Nikon Europe B.V.). The presence of cell wall in the protoplast preparation was examined with the dye Calcofluor, a β1 integrin subunit (Quatrano et al., 1991; Kaminskyj and Heath, 1995; Gens et al., 1996; Katembe et al., 1997) .
fluorescent stain specific for polysaccharides with β(1Ϫ4) linkages such as cellulose and chitin (Nagata and Takebe, 1970) . Here, using a polyclonal antibody raised against the human platelet integrin AIIbβ3 in combination with several antibodies Samples of cells or protoplasts were stained with 0.25% Calcofluor in protoplast buffer for 1 min, washed with the same specific for either the AIIb or β3 subunit, we present immunological and biochemical evidence for the presence in plants of an buffer and then viewed with epifluorescent illumination.
Peptide and Antibodies experiments. A. thaliana cells integrin-like receptor. Furthermore this receptor like those in animals has a heterodimeric structure and binds to the peptide were cultured for 72 h in the absence or presence of either GRGDS (0.5 mg/ml), GRGES (0.5 mg/ml), P23 antibody (dilu-RGD which induced drastic cell organization modifications. We also have characterized a polyclonal antibody raised against Ara-tion, 1:1250) or preimmune serum (dilution, 1 :1250). Samples were viewed and photograhed with a Nikon Microphot-FXA bidopsis thaliana glycocoproteins purified by affinity chromatography on a D-RGDW column and eluted with the RGD pep-microscope.
Protein extraction, glycoprotein isolation and affinity putide, that in addition to recognizing the plant protein, specifically interacts with the animal receptor.
rification. Proteins were extracted from Arabidopsis and Rubus cells. Cells collected by gravity filtration were resuspended and sonicated in extraction buffer: NaCl/Tris (20 mM Tris/HCl, pH 7.4, 150 mM NaCl) containing 1% Triton X-100, 1 mM
MATERIALS AND METHODS
MgCl 2 , 1 mM CaCl 2 , 1 mM phenylmethylsulfonyl fluoride (PhMeSO 2 F), 1 µM leupeptin (Boehringer-Mannheim BiochemPlant Material. Cells of Rubus fruticosus (gift from Prof. Joseleau, CERMAV, Grenoble, France) are grown in Heller me-icals) and 1 µM pepstatin (ICN). Protein extracts were dialysed and concentrated by centrifugation through Centricon 30 memdium supplemented with vitamine B1 (1 mg/l) and glucose (20 g/l). Cells of A. thaliana (Gift from Dr Axelos, UMR CNRS-brane (Amicon, Grace SA). Glycoproteins were isolated using a concanavalin A Sepharose (Sigma Chemical Co.) affinity col-INRA 215, Toulouse France) are grown in liquid culture, Gamborg's medium B-5 basal (Sigma Chemical Co.) supplemented umn according to a method previously described (Fitzgerald et al., 1985) . Proteins were applied to the column first equilibrated with glycine (2 mg/l), sucrose (15 g/l) and 2-naphtalene acetic acid 1 mM (pH adjusted to 5.7 using KOH).
with a buffer that contained NaCl/Tris with 0.1 % Triton X-100, 1 mM MgCl 2 , 1 mM CaCl 2 , 100 mM NaCl and 0.05% NaN 3 , Antibodies and reagents. Antibodies against the human platelet receptor AIIbβ3 used in this study are shown (Fig. 1) . and eluted with the same buffer that contained 500 mM A-methyl D-mannose (Sigma Chemical Co.). Active fractions, determined P23 is a rabbit polyclonal antiserum raised against a purified preparation of human platelet integrin AIIbβ3 (Gulino et al., using a dot blot apparatus and immunoblot detection with P23, were pooled and concentrated by centrifugation through Centri-1995). Ly7, generously provided by Dr Duperray (Duperray et al., 1988) , and CD61 (Chemicon, Euromedex) are polyclonal con 30 membrane. Glycoprotein concentration was determined using the bicinchoninic acid protein assay (Pierce Chemical Co., rabbit antisera raised against the purified platelet β3 polypeptide. ZACA is a rabbit polyclonal antibody raised against the recom-Interchim) as recommended by the manufacturer.
For immunoaffinity purification, 5 mg P23 antibody were binant peptide AIIb, positions 171Ϫ464, (Gulino et al., 1992) . The two monoclonal antibodies (mAb) used in this study were coupled to 1 ml NHS-activated Hi-Trap column (Pharmacia-LKB) according to the manufacturer's instruction. A solution purchased from Hemeris and have been previously described:
(1 ml) of glycoproteins (1 mg/ml) was diluted with 3 ml of 50 mM Tris/HCl, pH 8.0, 150 mM NaCl, 1% NP-40 and 1 mM PhMeSO 2 F and applied to the column at a flow rate of 5 ml/h. After washing with the same buffer, proteins were eluted with 5 ml elution buffer (100 mM glycine/HCl, pH 2.5, 500 mM NaCl ϩ 0.5% Triton X-100). The pH of the affinity-purified material was adjusted to 7 and the proteins concentrated by centrifugation through Centricon 30 membrane.
Affinity purification using the synthetic peptide D-Arg-GlyAsp-Trp was performed as previously described (Gulino et al., 1995) .
SDS/PAGE and immunoblot analysis. SDS/PAGE was performed by the method of Laemmli (1970) . Separation gels were 10% acrylamide and molecular mass markers were purchased from Bio-Rad Laboratories. Polypeptides were trans- Schüll, Cera-labo) using a Bio-Rad Trans-Blot apparatus and filters were incubated for 1 h at room temperature with primary antisera at the following dilutions: P23, 1:2000, CD61, 1:500 and ZACA, 1:1000 in NaCl/Tris containing 0.1 % Tween 20 (NaCl/Tris/Tween). After washing, filters were incubated in NaCl/Tris/Tween containing a 1 :3000 dilution of goat anti-(rabbit IgG) and horseradish peroxidase (Bio-Rad) for 1 h at room temperature. After washing, ECL, the Western blotting detection system (Amersham) was used to detect the immunoreactive protein bands. Competition experiments were conducted by incubation of the P23 antibody with 10 µg of human purified AIIbβ3 complex (obtained from Hemeris) before use in the immunoblot detection assay.
Competition assays and immunoprecipitation. Dilutions of the different antibodies to be used in these experiments were first selected to obtain the optimal sensitivity. Microtiter plates were coated overnight at 4°C with 0.1 µg or 0.5 µg human platelet proteins dissolved in 100 ml NaCl/Tris. The plates were then saturated with NaCl/Tris containing 1 % BSA and washed with NaCl/Tris before being incubated 90 min at room temperature with the different dilutions in NaCl/Tris of the antibodies to be tested. After washing with NaCl/Tris/0.05% Tween 20, detection of bound antibodies was accomplished using GAM-HRP (BioRad) or GAR-HRP (Bio-Rad) with ABTS [2,2′-azino-di(3)-ethylbensthiazoline sulfonate] as the substrate (Suzuki et al., B2A, 1:300 ; and Ly7, 1:300) being first incubated for 90 min Arabidopsis (b) and Rubus (f) protoplasts are visualized under visible at room temperature with increasing amounts of plant glycopro-light. Arrow heads show the cell wall in (a) and the plasma membrane teins.
in (d). Bar, 10 µm.
Immunoprecipitation was performed by incubation with the selected antibodies, CS3 and B2A, of 400 µg plant glycoproteins (non-treated or treated with 5 mM EDTA to dissociate the com-antibody, we examined protoplasts isolated from A. thaliana and R. fruticosus. Judging by the localization of fluorescence as replex) for 2 h at 4°C. The antigen-antibody complexes were bound to protein G [20 µl of 50% (by vol.) protein G agarose solved with a conventional epifluorescence microscope, integrin antibodies recognize antigens present at the surface of A. thalibeads] (Calbiochem, France Biochem), for 1 h at 4°C. The pellets were extensively washed with high salt buffer (50 mM Tris/ ana (Fig. 2 d) and R. fruticosus (Fig. 2 g ), protoplasts. Of particular interest is the difference of distribution of the antigen deHCl, pH 8.0, 500 mM NaCl, 0.1 % SDS, 0.5 % Triton X-100) and low salt buffer (50 mM Tris/HCl, pH 7.4, 0.1 % SDS, 0.5 % tected in the two plant species. If the fluorescence is uniformly distributed at the surface of a Rubus protoplast, a more punctate Triton X-100), solubilized in sample buffer with reducing agent and analyzed by electrophoresis and immunoblotting.
fluorescence pattern is observed on Arabidopsis protoplasts. This difference in the distribution of the antigen could reflect differences in the growth behavior of the two cell suspension cultures. Cells of A. thaliana more likely form large aggregates RESULTS when Rubus cells are more dispersed. The enhanced aggregation state of Arabidopsis cells, as also observed in platelet aggregaImmuno-cross-reactivity between animal integrins and proteins at the surface of plant cells. Using the anti-AIIbβ3 (P23) tion (Phillips et al., 1991) could be due to the punctate localization of the receptor. In contrast, no fluorescence is observed with polyclonal antibody (Fig. 1) and a FITC-conjugate secondary the pre-immune rabbit antiserum alone (Fig. 2 e, h ). Calcofluor labelling shows the absence of any cell wall material at the surface of the protoplasts (Fig. 2 c) . Red fluorescence observed with A. thaliana cells is due to the presence of chloroplasts in these cells.
Effects of RGD and anti-(BIIbβ3 integrin) antibody on Arabidopsis cells. Incubation of cells with GRGDS and P23 antibody resulted in major changes of culture aspect with the suspension cells becoming clear and whitish (data not shown). These changes are correlated with enhanced aggregation and drastic morphological modification of the cells as shown in Fig. 3 . Cells grown in presence of GRGDS (Fig. 3 d) and P23 (Fig. 3 e) demonstrated aberrant cell wall organization, detachment of plasma membrane from the cell wall and a disorganized intracellular Fig. 4 . Reactivity of human platelet BIIbβ3 antibody with plant glycoproteins. Glycoproteins (A) from Arabidopsis (1 and 2), Rubus (3 and structure compared with the control culture (Fig. 3 a) or cells 4) and human platelet (B) blotted under reduced (1, 3 and 5) and nongrown in presence of GRGES (Fig. 3b) or preimmune serum reduced (2, 4 and 6) conditions and immunostained with P23. (Fig. 3 c) .
Glycoproteins in plant cells cross-react with antibodies to human integrins. To determine whether plant cells contain a mole-three bands (30, 60 and 120 kDa) in Rubus extracts (Fig. 4 A, lane 3). When no reducing agent is present, a shift in electrophocule immunologically related to the human platelet membrane glycoprotein AIIbβ3, immunoblotting experiments were per-retic mobility is observed for both plants (Fig. 4 A, lanes 2 and  4) . The apparent molecular masses of the polypeptides immunoformed. Glycoproteins from cells (Rubus and Arabidopsis) were isolated using a concanavalin A Sepharose affinity column and detected for human platelets extracts are in good agreement with those previously published (Duperray et al., 1987) . The platelet fractions eluted with A-methyl D-mannose were analyzed on reduced and non-reduced SDS/PAGE gels, transferred to nitro-glycoprotein is a calcium-dependent heterodimer composed of two distinct subunits. AIIb (GPIIb) is composed of two disulfidecellulose and probed with the polyclonal antibody anti-AIIbβ3. Under reducing conditions (Fig. 4) the antiserum recognized two linked polypeptides consisting of a heavy (GPIIbA) and a light chain (GPIIbβ) with estimated molecular masses of 116 kDa and bands (30 kDa and 60 kDa) in Arabidopsis (Fig. 4A, lane 1) and animal, the AIIb polypeptide, which was deleted from the light chain, retains its capacity to associate with β3 and to interact with RGD peptide affinity columns (Lam et al., 1989) . In a control experiment, when the peptide D-RGGW was used to elute the absorbed material, no peptide was immunodetected (data not ments demonstrating specific RGD-dependent morphological without priorincubation (A) and with P23 priorincubation with purified modifications of cells (Fig. 3) . Only the 60-kDa band is immuhuman AIIbβ3 (B).
nodetected with the anti-β3 serum CD61 (Fig. 5 B, lane 5) or the anti-AIIb serum ZACA (Fig. 5 C, lane 6) suggesting in Arabidopsis the presence of two polypeptides co-migrating and related 25 kDa, respectively (Fig. 4 B, lane 5) . β3 (GPIIIa) is a single-to the β3 and AIIb polypeptides, respectively. chain polypeptide which has an apparent molecular mass of When the P23 antibody was previously incubated with the 100 kDa when reduced (Fig. 4 B, lane 5) . When no reducing purified AIIbβ3 complex a reduction of immuno-cross-reactivity agent was present both AIIb and β3 showed characteristic shifts of the 60 and 30 kDa bands was observed either with total glycoin electrophoretic mobility : the AIIb subunit in its disulfide-proteins (Fig. 6B, lane 2) or immunoaffinity purified proteins linked form migrated at 130 kDa and β3 due to its high cysteine (Fig. 6 B, lane 3) , when compared with the respective controls content at 90 kDa (Fig. 4 B, lane 6) . (Fig. 6 A, lanes 2 and 3) . As expected such reduction was observed with the human platelet proteins (lane 1 in Fig. 6 B comPurification of the plant glycoproteins related to human pared with lane 1 in Fig. 6A ). BIIbβ3 by affinity chromatography. The concanavalin AϪ eluted materials from Arabidopsis cells were further purified Plant glycoproteins and human platelet glycoprotein BIIbβ3 have similar structural domains. To characterize the structural using affinity chromatography columns prepared by coupling the antibody P23 to Sepharose. Immunoaffinity-purified proteins relatedness between the plant proteins immunodetected with P23 and platelet AIIbβ3 receptor, antibody competitions assays and were separated under reducing conditions and blots were probed. In Arabidopsis extracts, two bands with apparent molecular immunoprecipitation experiments were performed. Data shown in Fig. 7 illustrate the competition observed for the different anmasses (30 kDa and 60 kDa, respectively) similar to those found previously with total glycoproteins were immunodetected with tibodies with Arabidopsis (A) and Rubus (B) glycoproteins. The plant glycoproteins had no interaction with B2A, but did have P23 (Fig. 5A, lane 2) . The 60-kDa band, but not the 30-kDa one, was also immunodetected when the total glycoproteins significant interactions with the two other antibodies tested, Ly7 and CS3. The maximum of competition (70%) is observed with were applied on the D-RGDW column and eluted with the D-RGDW peptide in solution (Fig. 5A, lane 3) . The absence of CS3 and is similar to the competition observed when the purified AIIbβ3 complex is added instead of the plant glycoproteins (data detection of the 30-kDa band could result from the loss of this peptide during the purification step, since as demonstrated in not shown). let extracts, respectively, are not detected by the plant antibody. This absence of cross-reactivity could result from the loss of the 30-kDa band after RGD affinity purification as discussed previously or from the low reactivity of the antibody with this small peptide. Under non-reducing conditions (Fig. 9 B) , as observed above with P23, a shift in mobility of the bands crossreacting is observed. In the plant extracts (Fig. 9 B , lane 1) a predominant band with an apparent molecular mass of 90 kDa is revealed by AcAt2 as well as a faint band with a higher molecular mass. With platelets extracts (Fig. 9 B, lane 2) the 90-kDa polypeptide corresponding to the β3 chain is immunodectected and only a weak signal is observed with the 130-kDa polypeptide when both the 90-kDa and 130-kDa polypeptides cross-react (Fig. 9B, lane 3) .
pitation. Arabidopsis cells glycoproteins were incubated with CS3 in absence (1) or presence (2) of 5 mM EDTA. Immunoprecipitates were separated under reduced conditions and probed with P23.
DISCUSSION
All ECM from plant or animal cells are complex networks of polysaccharides, proteoglycans and proteins. Walls give form and structure to plants, and interaction between the wall, the plasma membrane and cytoskeleton are essential for plant development. Recent results are beginning to indicate that a continuous cytoskeleton-ECM scaffold may be a feature of all eukaryotic cells and that many of the molecules participating in this structure may be shared by plants, fungi and animals (Reuzeau and Pont-Lezica, 1995; Wyatt and Carpita, 1993) .
Using a combination of polyclonal and monoclonal antibodies we have shown that a plant surface protein shares epitopes and structural properties with the human AIIbβ3 integrin. In the plant species examined, immunofluorescence studies (Fig. 2) and immunoblots with concanavalin AϪpurified proteins (Fig. 4) indicate the presence of polypeptides which are immunologically related to human platelet integrin AIIbβ3. Under reducing conditions two major bands (30 kDa and 60 kDa) are tional 120-kDa band in Rubus could result from the recognition by P23 of the β1 integrin polypeptide in animals. Using an anti-β1 polyclonal antibody we have been able to detect a 120-kDa Immunoprecipitation experiments were performed to further polypeptide in Rubus cells (unpublished results) . The presence analyze the structural properties of the plant complex. Plant gly-of such a cross-reacting polypeptide has already been reported coproteins from Arabidopsis cells, non-treated or treated with in Drosophila, the nematode Caenorhabditis elegans, and the 5 mM EDTA to chelate the divalent cations and dissociate the yeast Candida albicans (Marcantonio and Hynes, 1988) as well complex were immunoprecipitated with CS3. Immunoprecipi-as in Fucus and maize pollen (Quatrano et al., 1991) and retates were separated under reducing conditions and blots were cently in Arabidopsis and Chara (Katembe et al., 1997) . Under probed with P23. The results show that the mAb CS3 only im-non-reducing conditions, as for animal integrins, a shift in momunoprecipitated the complexed form of the protein with two bility is observed. bands at 60 kDa and 30 kDa (Fig. 8, lane 1) , since no polypepWhen purified by immunoaffinity chromatography with P23, tide is detected after dissociation of the complex with EDTA the major antigenic components detected by P23 (Fig. 5A ) mi- (Fig. 8, lane 2) . The mAb B2A failed to immunoprecipitate any grate for the plant species examined at 30 kDa and 60 kDa, replant glycoprotein and no band was observed after immunoprec-spectively. Only the 60-kDa component is immunodetected with ipitation using protein G alone (data not shown).
an antibody recognizing the β3 platelet polypeptide (Fig. 5 B) . Such an immunological cross-reactivity between a 70Ϫ72-kDa soybean plasma membrane component and the β3 subunit has Characterization of AcAt2 a polyclonal antibody raised against A. thaliana glycoproteins purified by RGD peptide already been observed (Schindler et al., 1989) and recently a 58-kDa polypeptide present in total protein extracts of Arabiaffinity. AcAt2, a polyclonal antibody, was raised against Arabidopsis glycocoproteins purified by affinity chromatography on a dopsis shoots and roots has been shown to cross-react with the antibody against chicken β1 polypeptide ( Katembe et al., 1997) . D-RGDW column and eluted with the RGD peptide. The antiserum was further purified using caprylic acid and tested by West-The presence of an A-related polypeptide is suggested by results with the polyclonal antibody ZACA, since this antibody recogern blotting. As shown in Fig. 9A , under reducing conditions, AcAt2 recognizes one band in Arabidopsis extracts with an ap-nizes a specific sequence in the AIIb polypeptide. It seems unlikely that the 30-kDa and 60-kDa components are the result of parent molecular mass of 60 kDa (lane 1) and two bands in platelet extracts (lane 2) with apparent molecular mass similar proteolysis. The maximum of precautions were taken in order to minimize such a cleavage with the use of protease inhibitors and to the 116 kDa and 100 kDa bands detected by P23 (lane 3). The 30-kDa and 25-kDa polypeptides in Arabidopsis and plate-the samples were ground in liquid nitrogen and then directly treated with sample buffer which greatly reduce proteolysis culture disrupts cell wall/plasma membrane attachement and induces a disorganization of the intracellular structures. Similar (Quatrano et al., 1991; Katembe et al., 1997) . Therefore, with the results obtained under non-reducing conditions, we favor the effects are also observed when the cells are grown in the presence of anti-integrin antibodies. In animal the AIIbβ3 complex idea that the 30-kDa polypeptide could be a plant counterpart of the animal light chain (GPIIbβ).
mediates platelets aggregation. On unstimulated platelet, AIIbβ3 is randomly dispersed on the surface and is capable of recognizThe specificity of the immunological relatedness between the human protein and the plant complex is further confirmed ing only immobilized fibrinogen. In response to platelet stimulation, however, AIIbβ3 becomes a receptor for several adhesive with the competition experiments performed by prior incubation of the P23 antibody with the purified human integrin (Fig. 6) .
proteins, the binding of which is mediated in part by the RGD recognition sequence, inducing AIIbβ3 to form patches on the The structural homology of the plant protein with the animal complex is further suggested by the competition (Fig. 7) and platelet surface. The difference in the distribution of the antigen at the surface of Rubus and Arabidopsis protoplasts could be immunoprecipitation (Fig. 8) experiments as well as the characterization of a polyclonal antibody raised against Arabidopsis related with the state of aggregation of the Arabidopsis cells compared with the cell dispersion observed in Rubus suspension proteins purified by affinity chromatography on a RGD column. The mAb CS3, which only recognizes the animal complex under cultures. The enhanced state of aggregation and the morphological changes observed in Arabidopsis cell suspension cultured in non-dissociating conditions, immunoprecipitates the plant 30-kDa and 60-kDa components only when samples are not treated presence of RGD peptides or P23 antibody could be the result of the activation of the receptor by these ligands. RGD peptides with EDTA. This result implies that the plant complex, as the animal integrins, is a divalent cation-dependent complex. (Du et al., 1991) and different mAbs (Frelinger et al., 1991) have been shown to reversibly activate AIIbβ3 in intact platelets. Whether it is a Ca 2ϩ -dependent heterodimer like the platelet AIIbβ3 receptor is not known yet.
Such a recognition might induced a conformational change of the receptor which causes additional high affinity ligand-recepUntil now, cross-reactivity was only observed between plant proteins and polyclonal antibodies against the β1, β3 and as tor interaction (Ginsberg et al., 1992) .
Taken all together ; the results presented here indicate that shown in this study the AIIb polypeptides of the animal receptor. We present data concerning the characterization of a polyclonal the plant complex, in addition to be structurally related to the human receptor, may interact with adhesive ligands via the recantibody (AcAt2) raised against plant proteins that cross-reacts with an animal integrin receptor. Both the animal (P23) and ognition of short amino acid sequences such as the RGD tripeptide and suggest common function. plant (AcAt2) polyclonal antibodies immunodetect the 60-kDa band under reduced conditions, but no detection of the 30-kDa
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